has been to present a function which will not only have the power of meeting the observational results, but which, when completely analyzed, will also convey an impression as to the nature of the fundamental reactions participating in the process and will finally afford some quantitative measure of these reactions. These postulates are satisfied by a suitable application of the law of autocatakinesis3
Only a short time ago, in further studies of the population problem, Pearl * derived a general equation for the mathematical expression of this law free from the restrictions of the single cycle form. This equation may be written: k
Y -1 +me F(t)
( 1) in which y represents the increments on the ordinate, k the asymptote of the curve, and F(t), some undefined function of time expanded by means of Taylor's theorem into an infinite series so that rne F(t) = e art + a2t 2 + a~t z + ... + an# the factor m being equal to e%. In this form the expression provides for any number of cycles which may be either symmetrical or asymmetrical in nature. The labor of fitting this curve to cases where the changes in adjacent cycles are nearly symmetrical is reduced by using a simpler form substantially like that employed in the previous communication :1
1 + me in which d is the upper asymptote of the earlier cycle and a' gives the rate of change in the epoch under consideration. Henceforth, the discussion is limited to the general relation represented by equation (1). If then, the whole course of partial starvation can be denoted by the addition of two symmetrical autocatalytic curves, it should like6Lotka, A. J., Elements of physical biology, Baltimore, 1925, 76 . (This author recalls the suggestion of Wo. Ostwald as to the preference for the above term which is free from the chemical implication of autocatalysls.) 6 Pearl, R., Studies in human biology, Baltimore, 1924.
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wise conform to the general modification. As a matter of fact, the necessary constants for equation (1) were calculated from the data o~ partial i~nanition previously reported, as well as from the more recent data on several groups of birds which received nothing but water. The resultant curves gave a most remarkable fit to the observed values of weight loss, considering the fact that over thirty observations are represented by a five constant equation. Only curves of total starvation are shown in Fig. 1 since the results of partial inanition were for all purposes the same as before. Although equation (1) is a purely mathematical relation which defines a curve so closely approximating the curve of weight los~ observed in fasting pigeons during complete as well as during partial inanition, it is desirable to have such a relation denote something more definite from the standpoint of the physiology and the physical chemistry of the process. It must be clear that as long as an equation conrains a term such as Taylor's series this object will not be easily attained. As it stands the above expression has far more to commend it than the several types of merely empirical relations, such as the conic sections or the inverse logarithmic equations 7 that have been proposed to meet the requirements of the starvation curves in different animals. Equation (1) does express the kinetic relationships of a definite type of chemical reactions and it makes provisions for the cyclical character of certain processes the extent of which is limited by the value of k. The difficulty in employing this expression, however, lies in the fact that the coefficients of time in the exponential expansion do not easily lend themselves to interpretation in terms of physicochemical conceptions. There is, moreover, the difficulty of clearly differentiating between the successive cycles or phases as regards the rate of decomposition during the course of the process, a matter of considerable importance in the problem under discussion.
For these reasons it has seemed more appropriate to express the exponential function directly in terms of the constants of the participating reactions. It has been shown that the entire process can be r The chief objection to these functions is that the weight diminishes indefinitely as t increases in which the constants have the same significance as previously described. Letting
Z--A+B P = I + e-h(t-h)
the exponential factor in the denominator of (1) may be easily transformed by making the proper substitutions leading to the result
The equation giving the loss of weight during the entire course of starvation then becomes
in which y represents tissue loss in gin. or in percentage units, Z the maximum loss attainable, and 0 the function of time determined from (4). Similarly, it is evident that the actual weight curve is given by
in which M0 and M, are the weights at the beginning of the starvation pericd and at time t respectively, and ~ is the fraction of tissue Z destroyed, namely, M0 Such a transformation, evidently, overcomes the difficulties to "which reference has been made. It must be noted, however, that this procedure is valid only when the successive cycles are symmetrical or nearly so. Should marked asymmetry develop in any cycle the g e n e r a l f o r m ( 1 ) a l o n e w o u l d m e e t t h e r e q u i r e m e n t s , A n y cyclical a n d n e a r l y s y m m e t r i c a l f u n c t i o n of t h e foregoing t y p e c a n t h e n b e analyzed either by means of the identical relations (3) and (2) or by means of the 0 transformation and (5). The latter method has the additional advantage of combining the summations necessary for the former procedures into a single expression similar in form to the general law.
Owing to the nature of the present problem certain further restrictions must be imposed on both equations (4) and (5). In the first place, all negative values of time are immediately eliminated since the ~onset of starvation must necessarily coincide with the point t = 0 on the x axis. Again, it can be seen from inspection of the elements in equation (4) that as t increases, P as well as 0 must diminish, remain positive, and approach +1 as a limit. The ratio Z is likewise B restricted to positive values greater than 1, otherwise the amount of tissue decomposed would be greater than the amount initially available. Under these conditions ~ remains positive and approaches 0 while y approaches the upper asymptote Z. For diminishing values of .t, on the other hand, the curves of P, Q, and 0 ascend hyperbolically, intercepting the y axis well above 0. The solution for y at this point, accordingly, gives a result that cannot be interpreted as tissue loss. It could, perhaps, be taken to indicate the potential instability of the system near this parameter immediately prior to a displacement of equilibrium, s Nevertheless, any increment in y however small must require a correspondingly small but defilfite interval of time for the change. Thus, the limitation of t to positive values greater than 0 enables equation (5) to describe the changes in mass with a precision that can hardly be due to chance alone.
RESULTS.
1. Experimental.--The loss of weight observed in one of the groups of twenty pigeons which received nothing but water is recorded in the last column of Table I and is charted by small circles along Curve 1 in Fig. 1 , the curve itself passing through the points calculated by means of equation (5), the values of which are set up in the fourth column of the table. Curve 2 is plotted from another group of twenty 8 Lotka,5 Chapter XXII. birds which were also on water alone, merely to demonstrate the identity of the processes and to present another instance of the singular agreement between observed and theoretical results. To date, the curves of about 100 birds thus treated have been studied and have been found to be similar in all essential respects to those of Fig. 1 . For the present, the group represented in the table and by Curve 1 is selected for discussion. The remainder, including those of Curve 2, have been treated somewhat differently in order to study the effect of various feedings preliminary to starvation. These data have not yet been completely analyzed. The mean weight of the selected group on the initial day of the experiment was 429 q-2.88 gm. Particular care was taken to choose individual pigeons which were as nearly alike in respect to weight as possible, so that the active masses undergoing change might likewise be more comparable. Consequently, the standard deviation of the group was only 19.1 ~ 2.02 grn. In order to give still greater reliability to the final results the number of birds placed in a single group was relatively large, in this particular instance twenty, and in no case below fifteen. The probable error of the mean, therefore, during the entire experiment fluctuated closely about a value of 1 per cent of the mean. The weights were recorded to the nearest gm. at 24 hour intervals. The average weight of the group was taken as the weighted mean of those pigeons still alive on any particular day.
The maximum relative loss observed on the 40th and final day of the experiment was 53.4 per cent. The mean duration of life was found to be 25.2 :k .908 days. The former value, however, appears to be somewhat higher than a critical analysis of the data would war- Table I , the curve representing the values of me F(0. rant, due to the fact that two birds survived as long as the 34th and 40th days respectively. Since the curve rapidly becomes asymptotic to its limiting value in the final stages, the geometric mean between the average loss o~a the 25th and 40th days was taken as a first approximation to the most probable figure for the maximum relative weight loss, namely 51.5 ± .613 per cent, precisely the loss observed on the 30th day of starvation which itself is close to the geometric mean between the average and final lethal day. (5). Experience has shown t h a t the adjustment of the two cycles can be made almost as closely b y inspection of the curves plotted from the experimental data as b y the method of least squares, a process involving an undue a m o u n t of time and labor. Thus, the evidence submitted in the present study would tend to show that the fundamental kinetic relations governing the processes Robertson, T. B., The chemical basis of growth and senescence, Monographs on experimental biology, Philadelphia and London, 1923. of complete and partial starvation are essentially alike. This evidence, in both its experimental and mathematical aspects is wholly in accord with the results of the earliest investigations into this problem made nearly a century ago by Chossat, 1° who observed that the changes in mass are by no means uniform throughout the period of tissue destruction.
SUMM:AR¥ AND CONCLUSIONS.
1. The loss of weight in pigeons subjected to prolonged starvation on water alone may be accurately represented by an appropriate form of the law of autocatakinesis.
2. This function, within proper limitations, gives a definite indication as to the nature and character of the fundamental reactions involved. In addition, it provides quantitative measures of the relative progress and importance of these reactions.
3. Analytically, the process of starvation consists of two nearly symmetrical cycles, corresponding chemically to the destruction of the carbohydrate-fat reserves and to the decomposition of body protein.
4. A suitable transformation overcoming certain difficulties inherent in the general form of the law is discussed and applied to the data reported.
to Chossat, C., Recherches exp6rimentales sur l'inanition, M~m. Acad. roy. so., Paris, 1843, 13-18. 
